Poor adherence to asthma medication treatment is a dilemma as it decreases the chance of achieving and maintaining a proper asthma control. Another dilemma is that there seems to be a small range of functional interventions that enhance adherence to longterm medication treatments. The aim was to review the last five years of published educational interventions for improving adherence to asthma medication. Through systematic database searches 20 articles were identified, which matched the inclusion criteria and described educational interventions to improve asthma self-management including adherence. The current review showed that addressing unintentional non-adherence in terms of incorrect inhaler technique by recurrent education improved the technique among many patients, but not among all. Phoning patients, as a means to remove medication beliefs as adherence barriers, seemed to be an effective educational strategy, shown as increased adherence. Involving patients in treatment decisions and individualising or tailoring educational support also seemed to have favourable effect on adherence. To conclude, addressing specific adherence barriers such as poor inhaler technique or medication beliefs could favour adherence. To change adherence behavior, the current review proposes that educational adherence support should be a collaborative effort between the patient and the health-care professional based on each individual patient's needs and patient factors, including elements such as personality traits.
INTRODUCTION
A plethora of studies have reported about poor adherence to asthma medication treatment [1] [2] [3] [4] . As an example, an overall adherence to asthma medication of 22% in a sample of 5,500 persons with asthma was reported in one study [5] . People with asthma, who display poor medication adherence, most likely run increased risk of experiencing poor asthma outcomes [4] . The chance of achieving and maintaining the goal of modern asthma treatment: a well-controlled asthma, may also diminish [6] . There are arguments stating that the discovery of effective methods to improve adherence almost certainly would have a more advantageous influence on health than any treatment. However, there seems to be a lack of fruitful interventions, which successfully improve both adherence and treatment outcome [7] . Therefore, the aim was to review the last five years of published educational interventions for improving adherence to asthma medication.
Method
Systematic searches were carried out in the databases PubMed, Cinahl and Scopus with the following limitations: English language, publication between 2007 and 2011, adults (≥18 years) and articles accessible in full-text versions. Inclusion criteria were that the articles should be based on an empirical intervention including efforts to improve adherence in adult persons with asthma. Reviews, guidelines and study protocols were excluded. The following search terms were used: asthma, adherence, compliance, medication and intervention. In PubMed the Mesh terms: behavioral medicine, patient education and health psychology were used and in Cinahl the heading: medication compliance was used. The search terms were used in combinations and together with the Boolean operators OR and AND. Twenty articles matched the stipulated criteria and were included in the current review.
Starting point
Thanks to the large body of adherence research conducted in recent decades, a rather good picture of factors that influence adherence behaviour is obtainable. The World Health Organization (WHO) has organized these factors into five dimensions: social/ economic, therapy-related, patient-related, condition-related factors and those related to the health-care team and system [8] . As efforts to improve adherence are recommended to address these dimensions [9] , the current review adheres to that recommendation and will present the articles accordingly.
Social and economic factors
In general, the influence of social/economic factors could pose challenges to treatment adherence [8, 10] , but their effect on adherence shows an inconsistent pattern [8] and seems to vary by sample [11] . None of the articles included in this review specifically addressed this dimension.
Therapy-related factors
Because asthma medication usually is administered by inhalation, the patients need to have an adequate technique to allow the medication to deposit in the lungs. Although manufacturing companies are striving to develop inhalers that are user friendly, incorrect inhaler use seems common [12, 13] . Another problem is that many patients seem to be unaware of their incorrect inhaler technique [12] . Considering adherence, this could be referred to as unintentional non-adherence, which means that the patient has an intention to adhere to recommended treatment, but fails due to defective inhaler technique [14, 15] . Five of the articles included in this review specifically addressed the issue with incorrect inhaler technique in their educational interventions.
Interventions to improve inhaler technique
In all five studies improvements in patients' inhaler technique were reported but Hardwell et al. [16] concluded that despite improvements the majority still used a faulty technique. The interventions were carried out by asthma nurses in two studies [16, 17] , by pharmacists in two studies [18, 19] and by physicians in one study [20] .
Repeated inhaler instructions were used as method to improve inhaler technique in three of the studies [16, 19, 20] and in the other two studies tailored and individualised educational strategies were used [17, 18] . Takemura et al. [20] , invited 146 patients of which 25 received repeated instructions of inhaler use and their inhaler technique was checked regularly. The instructions comprised verbal information and demonstration provided by their physician. In the study conducted by Daiane de Oliveira and colleagues [19] , patients assigned to the intervention (n=28) received instructions on correct use of medication on four occasions, while the control group (n=27) only received this information once. Hardwell et al. [16] enrolled patients (n=1,092) with uncontrolled asthma prescribed pressurised metered-dose inhaler (pMDI) to check their inhaler technique using an Aerosol Inhalation Monitor (AIM). Patients received specific education on pMDI use, if they failed any of the three set AIM parameters. Takemura et al. [20] reported that their intervention apart from improving inhaler skills also resulted in improvements in self-reported adherence. These findings were partly opposed to those reported by Daiane de Oliveira et al. [19] , who reported that there was no difference between the groups as regards reported adherence, but the inhaler technique had improved in the intervention group by the end of the project. The intervention carried out by Hardwell et al. [16] resulted in a statistically significant increase in number of patients with appropriate pDMI use after two and three educational occasions, but a majority of the patients still used faulty inhaler technique.
In a randomised controlled trial, a tailor-made intervention, depending on the patient's current asthma control, was used to optimise use of asthma medication [18] . The intervention group (n=94) received education on three occasions at the pharmacy and the control group (n=107) received usual care. The effect of this intervention was estimated after six months and was described as higher frequency of filled prescriptions and better inhaler technique in the intervention group compared to the control group. The use of rescue medication was decreased and fewer nighttime awakenings were reported in the intervention group. However, self-reported adherence was similar in both groups [18] . This inconsistency in adherence estimations (frequencies of prescription fills and self-reports) sheds light on the difficulties with adherence monitoring.
An individualised education program was used in patients defined as "poor adherers to asthma medication" [17] . The intervention comprised three individual sessions each lasting 30 min. In the first session a nurse checked the patient's knowledge and skills about his/her prescribed inhaler. A trained nurse informed and demonstrated the skills for self-management of asthma including inhaler technique. In the second session, a pharmacist informed about dosage, effects and side-effects of the medication but also about the method of controlling dosage based on asthma symptoms and lung function measured with peak expiratory flow (PEF). During the third session, patients were provided a self-asthma action plan describing how to recognise and to handle an asthma attack. The plan also gave clear instructions about how to use the asthma medication, how to interpret PEF rates and to avoid triggers. This intervention specifically improved both inhaler skills and increased PEF values, suggesting that asthma control became better. These effects sustained eight weeks after the intervention and this was the last follow-up [17] .
Patient-related factors
Patients' perceptions of their asthma and their beliefs about asthma medication may influence adherence behaviour [9] . These perceptions and beliefs could result in so called intentional nonadherence, which is a result of a person's conscious decision to deviate from the recommended treatment, for instance by underor overusing the medication or by prematurely terminating the treatment [14, 15] . Patients, who deny an asthma diagnosis, or patients, who do not perceive their asthma to be a chronic condition, seem more inclined to refrain from the medication treatment [21] . Medication beliefs are also known to influence adherence behavior. For instance, patients who regard the asthma medication as a necessity for their health, seem more motivated to follow the treatment recommendations [21] [22] [23] , whereas those who are concerned with side-effects or becoming dependent, tend to intentionally deviate from the recommendations [21, 23] . Patients who have concerns about regular medication intake, side-effects or poor effect, also tend to display a non-adherent behaviour [24] . In this review, one article specifically addressing illness perceptions and four studies addressing medication beliefs as a means to improve adherence, were included.
Illness perceptions
Illness perceptions as factors influencing adherence were addressed by Smith et al. [25] who intervened by using a selfmanagement model of illness comprising a structured step-wise and patient-centered approach. The intervention lasted nine months and patients were randomised to intervention (n=35) or control group (n=56), which received usual care. The health-care providers used the model to help the patients to identify areas of everyday life when asthma control was difficult to achieve, to set goals and to find strategies how to deal with these problematic situations. Hereby, the patients were working with personal defined goals and strategies. This intervention did not result in improved adherence to asthma medication. Instead asthma control, asthma self-efficacy and asthma quality of life improved in both groups but more in the intervention group.
Medication beliefs
All four studies addressing medication beliefs reported that their approaches had a positive impact on medication barriers and adherence behaviour. In three studies, telephone calls were used as method to carry out the interventions whereas ClerismeBeaty and colleagues [26] used quite a different method to address adherence and medication beliefs by using a specific drug presentation style. The presentation about the drug was aimed at increasing patients' expectancy that the asthma medication could control the asthma symptoms adequately. Patients (n=25) who received the medication presented in this manner reported better adherence and they also expressed higher expectancy with the specific asthma medication.
In a randomised controlled trial [27] , the effect of phone calls made by pharmacists to patients, who received their first prescription for a long-term disease (ten had asthma), apallergy.org was evaluated. Two weeks after the patients had filled their prescription, a pharmacist phoned the patient to ask if there were any problems with the medication, about adherence and whether any additional information was needed. The pharmacist gave information and advice depending on the patient's expressed needs. Four weeks later a researcher phoned the patients asking about the medication and adherence. The intervention of the pharmacist calling the patients resulted in better self-reported adherence in comparison to the control group. According to the result section in the abstract, fewer problems with the medication were reported in the intervention group [27] .
Telephone calls were combined with educational material sent by mail on three occasions, in an intervention conducted by Park et al. [28] . The study group (n=87) received two telephone calls from a trained care manager with a health-care background. The phone-calls were concentrated on barriers to asthma medication adherence and the development of asthma management strategies. The educational mailings comprised general medication adherence topics and asthma specific information. Each telephone call and mailing did also encourage the participant to carry out proper asthma management. The intervention lasted six months and resulted in a reduction in both adherence barriers and in days when housework and schoolwork were limited due to asthma. Additionally, a reduction in the number of days when the patients was unable to attend to social, recreational and family activities was seen.
The effect of an "interactive voice recognition call" on adherence to asthma medication treatment was evaluated by Bender et al. [29] . The intervention group (n=25) received a maximum of three robot-phone calls during the intervention period of ten weeks and the control group (n=25) received none. By the end of this project, the intervention group reported both increased adherence and a favourable change in medication beliefs.
Condition-related factors
The symptom variability characteristic for asthma is claimed to be an important barrier to remain in regular medication treatment. This typical asthma feature could thus lead to doubts about the diagnosis and the need for regular medication treatment [9] , which may explain why initiated medication treatment sometimes is interrupted when the asthma symptoms vanish [22] or when the patients start to feel better [30] . On the other hand, an adherent behaviour seems more likely to occur among those who perceive their asthma as severe [22] but it has also been reported that poor adherence frequently occurs among asthmatics with uncontrolled disease [31, 32] . Two articles were included in this section of the review, of which one succeeded in improving adherence.
Patients with "difficult asthma" were invited to a two phase intervention [33] . The first phase comprised a "concordance discussion", which addressed whether the patient was adherent or not. Briefly, poor adherence was determined using prescription refill frequency, and a plan to address adherence obstacles was actively discussed with the appropriate patients. At six months follow-up, an improvement in adherence among the patients (n=83) was seen, which was associated with improved lung function and a reduction of hospital admissions. The second phase comprised an individual psycho-educational intervention, which was planned in light of the patient's stated reasons for not adhering to the prescribed asthma medication treatment. Nine patients were randomised to the intervention and 11 to the control group. The effect of the intervention was determined at 12 months and was seen in an increase in prescriptions filled, as well as a reduction in total oral corticosteroid doses taken [33] .
Patients with moderate and severe asthma (n=333) participated in a randomised controlled trial testing whether an individualised problem-solving intervention improved adherence to inhaled corticosteroids and asthma outcomes [34] . The intervention group (n=165) took part in four 30 min sessions aimed at improving or maintaining adherence by addressing individual barriers to adherence and finding solutions to remove the barriers. The control group (n=168) received standard asthma education during four 30 min sessions covering asthma topics exclusive of adherence. Adherence, which was measured electronically, decreased in both groups. In contrast, both asthma control and asthma quality of life improved, but emergency department visits and hospitalisation were unaffected [34] .
Provider-related factors
Patients' dissatisfaction with the patient-provider interaction may have a negative impact on adherence behaviour. Another factor related to the health-care system could be that the appointments with the physicians are too short to include patient education and to provide written information about asthma [9] . Patients and physicians seem to have different perceptions about the content during appointments. For instance, patients think that inhaler technique and side-effects with the asthma medication is discussed more rarely than do the physicians [35] . Two of the articles included in this review addressed the interaction between the patient and the health-care provider and six studies focused on patient education.
Patient-provider interaction
Both studies included in this section of the review focused on stimulating to a collaborative effort between the patient and the health-care provider to improve adherence to asthma medication. The effect of "shared decision making" between the patient and clinician as regards asthma medication was investigated in a randomised controlled trial. The intervention group (n=182) shared in making decisions about the medication, in the other group the clinician made the decisions (n=180) and the third group received usual care (n=189). At follow-up after one year, the patients, who shared in making decisions about their asthma medication treatment, improved their adherence based on pharmacy data, but at follow-up after two years the intervention effect did not occur. Nevertheless, adherence was better at year two compared to baseline scores [36] .
A "cueing therapeutic communication" between patients and their clinicians was used to improve adherence to inhaled corticosteroids and asthma control in another study. The cue intervention comprised of visually standardised interpreted peak flow graphs, which were aimed to enhance the communication about the patient's treatment plan. Sixty-eight patients assigned to 22 clinicians were randomised to the intervention group and 71 patients assigned to 21 clinicians to the control group. At the first visit the patients received a brief education session and a booklet. Adherence was measured electronically but in some cases the inhalers' own dose counters were used. This intervention did not improve adherence but it seemed that it had a positive influence on asthma control, as patients who participated in the intervention used fewer courses of oral steroids during winter and spring, reported fewer asthma worsenings and made fewer urgent care visits during winter in comparison to the control group. However, there was no difference in the patients' perceptions of the communication between the clinicians between the two groups [37] .
Asthma education
This section of the review comprises articles describing rather extensive educational interventions covering important aspects of asthma management required for an adequate self-management.
The two studies in which interventions had a clear effect on adherence, were conducted by Morisky et al. [38] and by Armour et al. [39] . The first study was a two year prospective evaluation of a cohort comprising of 15,275 patients, of which 35% had asthma. The aim was to determine the effect of a disease management program addressing physiological and behavioural health indicators by tailored education. The results in the asthma subgroup showed significant increase in adherence in relation to asthma medication and improved asthma symptoms in regard to severity, frequency, nocturnal awakenings and activity limitations. Additionally, the patient's use of PEF monitoring to assess asthma was increased [38] . The second study tested the effect of a pharmacy asthma care program comprising targeted education on the asthma, medication, lifestyle, inhaler technique, adherence, medication problems and goal-setting. Fifty pharmacies were randomised to the intervention and control pharmacies and 165 patients completed the intervention and 186 control patients finalised the study. The intervention resulted in improved adherence to preventer medication and a simultaneous reduction in reliever medication use in the intervention group. Moreover, the risk of non-adherence decreased and asthma quality of life, asthma knowledge and asthma control improved [39] .
Three additional studies using educational programs reported important progress in self-management but the effect was not clearly reflected in adherence behaviour.
The effect of asthma education in two intervention groups, which received specific asthma education comprising elements of asthma management, inhaler use techniques as well as written information, was investigated by Kritikos et al. [40] . In one intervention group, the education was provided by specially trained pharmacists and the other group by pharmacist researchers trained as asthma educators. The control group did only receive written information -the same as in the intervention groups. Adherence measured through self-reports improved in both intervention groups but not more than in the control group.
In the next study, Wang et al. [41] explored whether there were any differences in outcomes if the patients were provided with asthma education by a nurse, or asthma counseling by a pharmacist. The patients were randomly assigned to two intervention groups and one control group. The first intervention group (n=35) received education from a nurse including asthma knowledge, monitoring disease severity, PEF use, information about asthma medication and self-management such as triggers and handling asthma attacks. The second group (n=34) received the same education in combination with information about the function and side-effects of the asthma medication by a apallergy.org pharmacist. The control group received usual care. At the last follow-up after six months, the two intervention groups had no significantly higher adherence compared to the control group.
The impact of self-management education on adherence to asthma medication was studied by Janson et al. [42] . Eightyfour participants were randomised to an individualised selfmanagement education (n=45) or to a control group (n=39) receiving usual care. The intervention lasted 30 minutes and was given on three occasions with two weeks interval. The first was held by a nurse and a respiratory therapist both certified as asthma educators. There was also a personalised part addressing results from spirometry, PEF, skin prick tests and specific strategies to remove triggers. Adherence was monitored electronically. Mean adherence did not differ between the intervention and the control groups. When adherence scores were dichotomised as ≥60% or <60%, the odds of maintaining ≥60% adherence was nine-fold for the intervention group. These odds were maintained at 24 weeks, when the intervention was finalised.
These last three studies considered, a positive effect on patient's asthma knowledge was seen [40] [41] [42] . In Wang's study [41] no improvements in asthma quality of life were seen but in Kritikos' study [40] an improvement in both asthma quality of life and inhaler technique was found in the intervention groups. Kritikos et al. [40] also found a reduction in severe asthma and in Janson's study [42] , the intervention group reported fewer symptoms than the controls but mean symptom scores decreased in both groups. The nocturnal awakenings decreased in the intervention group and the odds of experiencing awakenings decreased in this group. The use of rescue medication decreased in the intervention group versus in the control group but both groups decreased their use during the intervention.
The final study had a different approach in comparison with the other studies in this section as a learner centered intervention was used. The focus was on interactive discussions, problemsolving, social support and procedures to change asthma specific behaviour. Additionally, the participants were encouraged to support each other. Twenty-four patients were randomised to the intervention group and 21 in the control group. The intervention comprised seven weekly meetings lasting two hours. The effect of this self-management program was reflected in improved asthma knowledge and asthma quality of life, self-efficacy and patient activation. As regards use of controller medication the mean was already at intervention start 6.8 of a maximum 7 scores, which did not leave much space for an improvement [43] .
DISCUSSION
With reference to the interventions accounted for in the present review, a reasonable conclusion is that stimulating the asthma patients to active participation in treatment planning seems to improve their self-management of asthma including adherence to prescribed asthma medication. As an example, increased adherence was seen among patients who shared in decisions about medication treatment [36] and among patients, whose medication problems and own treatment goals, were considered [39] . However, solving the dilemma with poor adherence is not that as easy as just engaging the patients, which was learnt from the study conducted by Smith et al. [25] . Regardless of ambitious efforts, not all interventions accounted for in the current review led to improved adherence. In some cases, because the control patients also improved their adherence behaviour, which brings to mind the famous Hawthorne effect [44] .
Another conclusion is that medication barriers, which prevent adequate adherence to asthma medication, may be demolished by simple phone calls from a health-care professional [27] [28] [29] . If we could spare a couple of minutes to make a phone call to followup on our asthma patients' potential medication concerns, we may have a cost-effective method to promote adherence, which in continuation prevents poor asthma control. Another effective method may be to address unintentional non-adherence like poor inhaler skills with repeated instructions [16, 19, 20] . It is to be noted, as Hardwell et al. [16] put forward, that many patients have an incorrect technique despite having received education, which recommends that such instructions should be tailored to each patient's ability and that inhaler technique should be checked at each health-care appointment.
Another important remark is that dif ferent health-care professions have an educational role in promoting adherence to medication as part of proper asthma self-management. Addressing adherence in various health-care relations and contexts may emphasise its importance as the connecting link between the prescribed asthma medication and advantageous asthma outcomes. This work may be facilitated by identification of persons with high probability to display poorer adherence behaviour to asthma medication. The tricky part is to estimate accurate adherence level and to identify which patients are likely to deviate from a prescribed treatment, in daily practice in clinical settings [45] . The influence of patients' personality on health behaviours such as adherence to medication treatment could be one guiding tool in this aspect.
Personality could be described in terms of five broad and bipolar personality traits Neuroticism, Extraversion, Openness to experience, Agreeableness and Conscientiousness. Each of the five personality traits are hierarchical constructed by more specific personality traits. These five personality traits contribute to enduring and individual differences in disposition to display a certain behaviour in a given situation [46] . We have previously reported that persons with various chronic diseases, who scored higher on Neuroticism, lower on Agreeableness or lower on Conscientiousness, seemed more inclined to display poorer adherence to medication treatment [47] . In yet another study, we found that more impulsive young adults with asthma reported lower adherence to asthma medication than the less impulsive. Young adult men, who were either more antagonistic or alexithymic, also reported lower adherence to asthma medication [48] . Associations between Neuroticism and poorer adherence in men with asthma have also been reported [49] . The advantage of assessing personality in relation to adherence is that it provides an indication of potential personal needs [50] , which could be useful targets when planning adherence support. For instance, less conscientiousness or impulsive persons, who tend to be less goaldirected and structured [46] , may be less inclined to plan ahead. This behavior may not be conducive to regular medication intake. For that reason, they may benefit from support with reminders or incorporation of routines for their medication intake. In contrast, persons scoring high on Neuroticism, who could be described as worried and with difficulties handling stress [50] , most likely need another type of adherence support.
Some of the interventions in the currently reviewed articles were described as individualised for instance in terms of using the patients level of asthma knowledge, inhaler or PEF skills as points of departures [17] or interpretation of spirometry, PEF rate or control over environmental exposures [42] , which certainly is of significance. Nevertheless, none of the interventions focused on individual differences in terms of personality among the selected patients, as personality is a major contributor of behavior, including health behavior [47, 48] . Fig. 1 shows a hypothetical personality perspective on adherence interventions. As a suggestion, future interventions aimed at promoting adherence and preventing poor asthma control should focus on persons with high risk of displaying poor adherence to the prescribed asthma medication treatment. In this work, assessment of personality could provide a useful tool to identify patients' different needs and resources [50] , which could function as targets when planning forthcoming adherence support. 
